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In an earlier work, [1, 2] the prospects of using phenol polymethylene ether and boric acid polymethylene-ptriphenyl ester as modifiers for friction polymer composites containing rubbers and operating in high-duty friction assemblies in a wide temperature range were shown.
For the case of standard brake linings it was demonstrated that, with the addition of 5 wt% boroncontaining polymer, there is a considerable increase in strength and heat and wear resistance [2] . This increase in strength, in our view, occurs by the interaction of the organoboron modifier with sulphur to form a threedimensional vulcanisation network, while the presence of a boron atom in the composition of the polymer suggests an increase in interaction between all components of the composite.
This work is devoted to a study of the properties of composites that may, in our view, confirm the formation of three-dimensional interpenetrating polymer networks when the friction composites are modified with a boroncontaining polymer.
The first stage of the investigations was to study the interaction of boric acid polymethylene-p-triphenyl ester with a sulphur system by means of IR spectroscopy.
The IR spectrum of pure boric acid polymethylene-ptriphenyl ester is presented in Figure 1 . The IR spectrum of the gel fraction after extraction with acetone is presented in Figure 2 .
The spectrum of boric acid polymethylene-p-triphenyl ester contains a series of bands of different intensity in the 500-4000 cm , characteristic of stretching vibrations of the C Ar -S bond. The band at 2507 cm −1 belongs to the S-H bond [3] .
Thus, it can be concluded that the 1,4-substituted benzene ring of phenol is transformed into a tri-and tetrasubstituted ring with the formation of a bond with sulphur, i.e. interaction occurs between the sulphur atom and the carbon atom located in the o-position relative to the hydroxyl group of the phenol, which is consistent with literature data [4] .
It is believed that the presence of interpenetrating three-dimensional networks in the polymer composite in the case of polymer blends can be established by obtaining temperature dependences of the mechanical loss tangent (tg δ) in the region of the glass transition temperature (T g ) by the method of dynamic mechanical analysis [5, 6] .
Therefore, the next stage of the investigation consisted of dynamic mechanical tests of base compositions of friction polymer composites, the composition of which is presented in Tables 1 and 2 (model composite in Table 1 , BATI and 143-63 in Table 2) , and also composites modified with boric acid polymethylene-p-triphenyl ester in a quantity of 5 wt% on top of the 100% composition indicated in the tables. Tests were conducted on a Netzsch DMA 242 instrument at temperatures ranging from −80 to +250°C, with a heating rate of 3°C/min and a vibration frequency of 1 Hz. Figure 3 gives data obtained by dynamic mechanical analysis of the model composite. The data in Figure 3 indicate that use of the modifier leads to the nature of change in the real part of the dynamic elastic modulus (E′) in the region of transition from the glassy to the rubbery (high-elastic) state becoming typical of elastomeric materials, and here its magnitude in this region (close to room temperature) increases practically twofold. There is virtually no change in tg δ, and the value of T g determined from the maximum tg δ only decreases slightly from 90 to 85°C.
For an asbestos-free composite (Figure 4) , the use of a modifier also leads to an increase in E′ in the region of transition from the glassy to the rubbery state. It remains slightly greater at temperatures above T g , and the glass transition temperature itself is lowered.
For an asbestos-containing composite ( Figure 5) , the use of a modifier hardly leads to any change in E′ in the region of transition from the glassy to the rubbery state. It increases only slightly (roughly by 25%). This difference is retained close to room temperature. There is a considerable change in tg δ. The glass 
. The temperature (T) dependence of the elastic modulus (E′) and loss tangent (tg δ) of an unmodified polymer composite (1a, 2a) and a model polymer composite modified with 5 wt% boropolymer (1b, 2b). Vibration frequency 1 Hz
transition temperature T g increases by almost 50°C, which indicates an increase in the heat resistance of the modified composite. Expansion of the temperature region of transition from the glassy to the rubbery state for a modified composite of series 143-63 also indicates an increase in structural inhomogeneity, which may be observed when interpenetrating threedimensional networks are formed.
The results given [1, 2] demonstrate the promise of using boron-containing phenol polymethylene ethers as modifiers of the service characteristics of composite materials containing rubbers. The synthesis of boric acid polymethylene-ptriphenyl ester made it possible to solve the problem of joining the inorganic and organic components of such composites. Here, boric acid polymethylene-ptriphenyl ester acts not as a filler but as a modifier of the polymer matrix. It is through the capacity of the polymer to be cured by sulphur, in our view, that interpenetrating three-dimensional networks are formed (on the one hand based on the boropolymer, and on the other hand based on rubbers), which leads to a significant increase in strength and in heat and wear resistance in a wide temperature range.
Thus, the obtained results, both under laboratory conditions and confirmed under production conditions, point to the advantages of using boric acid polymethylene-p-triphenyl ester as a polymer modifier of the strength and service properties of composites containing rubber. Thus, an increase in the characteristics of the modified composite is observed when 1-2 wt% polymer is added, and this reaches its maximum when 5 wt% polymer is added, which makes it possible purposefully to control the properties of the polymer composite, i.e. to produce materials with a predictable combination of properties. Furthermore, modification with an organoboron polymer does not require any change in the basic technology for manufacturing the composite material.
The wide range of composites investigated in the work, both with and without asbestos, based on different rubbers used in industry, makes it possible to suggest the effectiveness of using boric acid polymethylene-ptriphenyl ester for the modification of other materials containing rubbers.
